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 The activities of AST, ALT, ALKP and
GGT in the serum and hepatic
glycogen increased in response to
infection.
 Total proteins contents showed a
signiﬁcant reduction in the infected
groups.
 Infection with A. cantonensis caused
metabolic and histopathological
changes in the rodents.
 Reduction in the levels of serum
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Biochemicala b s t r a c t
Eosinophilic meningitis is a disease characterized by increased eosinophils in the cerebrospinal ﬂuid
(CSF), which is the most commonly caused by invasion of the central nervous system by helminths, as
occurs in Angiostrongylus cantonensis infections. The rodent Rattus norvegicus is the deﬁnitive natural host
and humans act as accidental hosts and can become infected by eating raw or undercooked snails or food
contaminated with infective L3 larvae. Recently in Brazil there have been four cases of eosinophilic men-
ingitis due to ingestion of infected Achatina fulica. To evaluate biochemical and histopathological changes
caused by this parasite, R. norvegicus were experimentally infected with 100 L3 larvae of A. cantonensis.
After the anesthetic procedure, serum from the rodents was collected from the inferior vena cava for eval-
uation of the levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phos-
phatase (ALKP), gamma-glutamyl transferase (GGT), total protein and its fractions. During the
necropsy, the liver was collected and weighed. Then a 1-g fragment was extracted from the major lobe
to quantify the hepatic glycogen and fragment remainder was taken from the same lobe and ﬁxed in Mill-
oning’s formalin for histopathological examination. Additionally, helminths were collected from the brain
and lungs of the rodents. The activities of AST, ALT, ALKP and GGT in the serum and hepatic glycogen
increased in response to infection, while the levels of globulin and total protein increased only in the
eighth week of infection and there was a reduction in the levels of serum glucose. Albumin and bilirubin
concentrations remained stable during the experiment. Infection with A. cantonensis caused metabolic.
36 J.S. Garcia et al. / Experimental Parasitology 137 (2014) 35–40and histopathological changes in the rodents. This study can contribute to a better understanding of the
relationship between A. cantonensis and R. norvegicus.
 2013 Elsevier Inc. All rights reserved.1. Introduction
Angiostrongylus cantonensis is a blood-feeding nematode usually
found parasitizing the pulmonary arteries and right ventricle of
wild rodents, which are considered the main etiological agents of
human eosinophilic meningitis (Alicata, 1965; Graeff-Teixeira
et al., 2009). This zoonosis, which is endemic to Southeast Asia
and the Paciﬁc Islands, is considered an emerging disease, because
it has been expanding both geographically and in terms of the
range of hosts (Hollingsworth and Cowie, 2006).
Currently, Brazil is considered a high risk area for the establish-
ment of eosinophilic meningitis, due to the occurrence of snails
such as Achatina fulica, Bradybaena similaris, Sarasinula marginata
and Subulina octona (Carvalho et al., 2012), all of which act as inter-
mediate hosts, and Rattus norvegicus and Rattus ratus, the deﬁnitive
hosts, factors that directly promote the establishment of this zoo-
nosis. Four cases of eosinophilic meningitis have been conﬁrmed in
Brazil, two in Vila Velha (Espírito Santo state) (Caldeira et al.,
2007), one in Recife (Penambuco) (Lima et al., 2009) and another
in São Paulo (São Paulo) (Espirito-Santo et al., 2013). All were
caused by ingestion of A. fulica infected with A. cantonensis.
Laboratory diagnosis is by nonspeciﬁc CSF examination, inwhich
the ﬂuid usually appears clear or slightly cloudy (Wang et al., 2008).
The protein concentration in the cerebrospinal ﬂuids of infected
patients is slightly raised, whereas the glucose concentration is
frequently lower than the normal range (Kanpittaya et al., 2000).
Biochemical variables have been used to diagnose diseases in
pets and farm animals (Borsa et al., 2006). But there are no studies
in the current literature on the hepatic proﬁle of rodents infected
by A. cantonensis, although this is an important parameter that
can be used to evaluate clinical conditions.
Thus, the present study evaluated for the ﬁrst time the hepatic
biochemical and histopathological changes in experimentally in-
fected R. norvegicus and can contribute to a better understand of
the R. norvegicus/A. cantonensis relationship.
2. Materials and methods
2.1. Parasite and experimental Infection
The strain of A. cantonensis studied was isolated by collecting
naturally infected A. fulica specimens in São Gonçalo (Rio de Janeiro
state) (224903700S430301400W). The cycle was maintained in the
Laboratório de Biologia e Parasitologia de Mamíferos Silvestres
Reservatórios (IOC) FIOCRUZ – Rio de Janeiro by passages in R. nor-
vegicus (Wistar) used as deﬁnitive host and Biomphalaria glabrata
as intermediate host, with the permits for the use of animals ob-
tained from Oswaldo Cruz Foundation (FIOCRUZ) Ethical Commit-
ee on Animal Use (Permit Number: LW 24/10).
The snails infected with A. cantonensis had their shells removed
and cephalopodal mass fragmented and artiﬁcially digested in 0.7%
HCl solution for 6 h. Subsequently this material was subjected to
the Baermann and Moraes (1948) and centrifugation to recover
the L3 larvae, which were counted under a stereoscopic
microscope.
2.2. Experimental design
A total of 70 adult females of R. norvegicus (Wistar) were used.
Of them, 60 were individually infected by orogastric gavage with100 third-stage larvae (L3) and formed into six groups according
to the proposed infection time: 1, 2, 3, 4, 6 and 8 weeks post-inoc-
ulation (WPI). The 10 uninfected animals used formed the control
group. The animals were kept under controlled conditions of illu-
mination (12/12 h light/dark), temperature (23 ± 2 C) and re-
ceived food and water ad libitum.
The blood samples were collected by puncture of the inferior
vena cava and the serum was separated by centrifuging at 1200g.
The liver was weighed, and to measure the levels of glycogen, 1 g
of liver tissue was collected, always from the major lobe. For the
histopathological analyses, another fragment from the same lobe
was collected and ﬁxed in Milloning’s solution for 24 h, after which
the material was transferred to 70% alcohol and preserved.
2.3. Prepatent period and infectivity
To determine the prepatent period, two grams of feces were col-
lected daily for 6 weeks from infected rodents and subjected to the
sedimentation method of Baerman and Moraes, after which ﬁrst-
larvae stage (L1) were counted using a stereomicroscope to evalu-
ate the infectivity.
2.4. Worm recovery and identiﬁcation
The nematodes collected from the brain and the pulmonary ar-
tery between 1 and 8 weeks post-infection were washed in physi-
ologic solution and ﬁxed in hot AFA solution (2% glacial acetic acid,
3% formaldehyde, and 95% ethanol). Specimens from each of the
sites were cleared in lactophenol, mounted on slides in lactophenol
solution and examined under a light microscope. Taxonomic iden-
tiﬁcation of nematodes was based on morphological and morpho-
metric parameters according Anderson (1978) and Chen (1935).
2.5. Liver histopathology
Fragments of the liver lobes of all rodents submitted to nec-
ropsy were dehydrated in a crescent ethanol series with xylol
and embedded in parafﬁn. Thin sections (5 lm) were obtained
and stained with hematoxylin – eosin (Humason and Freeman,
1979). These images were obtained using a Nikon Coolpix 4300
digital camera.
2.6. Biochemical determination
The biochemical determination of hepatic function included the
detection of aspartate aminotransferase (AST) EC2.6.1.1, alanine
aminotransferase (ALT) EC2.6.1.2, alkaline phosphatase (ALKP)
EC3.1.3.1, bilirubin, glucose and total and fractional proteins using
an automated system at the Laboratório de Controle de Qualidade
do Centro de Criação de Animais de Laboratório (CECAL – Fiocruz).
A commercial diagnostic kit (Doles Reagents Ltda., Brazil) was
used to determine the activity of gamma-glutamyl transferase
(GGT) EC2.3.2.2. The hepatic glycogen was extracted by the tech-
nique described by Pinheiro and Gomes (1994) and determined
by the 3,5 DNS technique (Sumner, 1924).
2.7. Statistical analysis
One-way analysis of variance (ANOVA) was used to determine
the differences between the groups and the Tukey–Kramer test
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week, both using the Graph Pad Prism program (V.5.00.288, Prism
Inc., USA). Values with P < 0.05 were considered signiﬁcant.
3. Results
All animals exposed to L3 larvae were parasitized and the num-
ber of worms recovered during infection ranged from 15 to 51. Be-
tween 1 and 4 WPI, L4 and L5 larvae were recovered from the
rodent’s brains, and host mortality was 0.5% (3/60) (Table 1). The
percentages of recovered larvae in the ﬁrst, second, third and
fourth WPI were 21.4%, 21.4%, 25.7% and 37.7%, and the percent-
ages of worms recovered in the sixth and eighth WPI were
29.13% and 35.66% of the total larvae administered, respectively.
The pre patent period was between 42 and 45 days after infec-
tion and the mean elimination of L1 was 9.462 ± 4.561 in 2 g of
feces.
The AST activity was signiﬁcantly increased only in the second
week of infection, when it was 38.9% higher than in the control
group (uninfected) and no signiﬁcant increase was observed in
the eighth week after infection, with a level 22.9% higher than in
the control group. The activity of this enzyme was similar to that
observed in the control group in the ﬁrst and sixth weeks post
infection and then declined to values lower than 1.48% in the third
and fourth weeks in relation the control group (Fig. 1A).Table 1
Number of larvae (L4 and L5) and adults of Angiostrongylus cantonensis recovered from
Mean ± SD = mean ± standard.
Weeks post-inoculation (WPI) L4/L5
Subaracnoid space
Male Female Mean (%)
1 – – 21.4 ± 3.66*
2 11.80 ± 5.20 9.60 ± 4.37 21.4 ± 4.81
3 12.30 ± 4.30 13.40 ± 5.98 25.7 ± 4.70
4 15.80 ± 5.68 21.90 ± 7.62 37.7 ± 7.05
6 – – –
8 – – –
* In ﬁrst WPI the sex of L4 larvae was not identiﬁed.
Fig. 1. Changes in the activities of hepatic enzymes in the serum of Rattus norvegicus
aminotransferase (AST). (B) Alanine aminotransferases (ALT). (C) Alkaline phosphatase (The ALT activity signiﬁcantly increased by 110.86% in the ﬁrst,
97.83% in the second, 84.35% in the third, 75.65% in the fourth,
109.78% in the sixth and 58.26% in the eighth week of infection
in relation to the control group (Fig. 1B).
The ALKP activity was signiﬁcantly higher than in the control
group and increased by 51.88% in the ﬁrst, 98.71% in the second,
97.41% in the third and 60.16% in the fourth week of infection.
After the fourth week of infection, the ALKP activity declined, with
values similar to those observed in the control group (Fig. 1C).
The serum activity of GGT rose signiﬁcantly in the ﬁrst
(134.96%) and second (148). The livers of the infected rats showed
ductal hyperplasia of the portal space associated (67%) week after
infection and then decreased, with percentages of 97%, 72%, 93.7%
and 97.8% in the third, fourth, ﬁfth and sixth week, respectively
(Fig. 1D).
There was no signiﬁcant difference in serum bilirubin levels be-
tween the infected groups and the control group (Fig. 2).
The weight of the livers from the infected animals was 31–47%
higher than in the control group in the fourth and sixth weeks,
respectively (Table 2).
Levels of hepatic glycogen increased 179.6% in the ﬁrst, 51.5% in
the second, 40.9% in the third, 43.4% in the fourth, 94.6% in the
sixth and 68% in the eighth week of infection. However, serum glu-
cose levels decreased signiﬁcantly over the weeks of infection, with
19.6% in the ﬁrst, 21.4% in the second, 17.4% in the third, 16.8% inRattus norvegicus (Wistar) through 8 weeks of infection and host mortality (%).
Adult Mortality for each group (%)
Pulmonary artery
Male Female Mean (%)
– – – –
– – – –
– – – –
– – – –
13.75 ± 8.63 15.38 ± 6.98 29.13 ± 7.63 20 (2/10)
14.44 ± 6.67 21.22 ± 5.59 35.66 ± 6.91 10 (1/10)
(Wistar) experimentally infected with Angiostrongylus cantonensis. (A) Aspartate
ALKP). (D) Gamma-glutamyl transferase (GGT).
Fig. 2. Biochemical alterations in the serum of Rattus norvegicus (Wistar) experi-
mentally infected with Angiostrongylus cantonensis. Mean values of bilirubin.
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(Table 2).
The total protein and globulin contents increased only in the
eighth week of infection, with relative increases of 25% and
57.5%, respectively (Table 2).
The liver of infected rats showed ductal hyperplasia space port
associated to cellular inﬁltration with mature eosinophilis and
plasmocytes (Fig. 3A–F).
4. Discussion
In the present study, L4 and L5 of A. cantonensis were recovered
in the subarachnoid space until the sixth week of infection. After
this period, adult worms were recovered in the pulmonary arteries.
These results are in accordance to those reported in other experi-
ments (Kuberski and Wallace, 1979; Chen and Lai, 2007; Lan and
Lai, 2009; OuYang et al., 2012).
The aminotransferases ALT and AST are normally present in low
concentrations in the serum (Kaplan, 1987). The increase in the
activity of these enzymes is suggestive of hepatopathies (Andriolo
and Borges, 1989). The increase of these aminotransferases levels
can be caused by various factors due to the high sensitivity to a
wide range of factors that can cause hepatic or extra hepatic
changes. Furthermore, this increase can also result from the release
of excretion-secretion products, leading to increased permeability
of the hepatocyte membrane, allowing these enzymes to enter
the bloodstream (Kaplan, 1987; Rej, 1971; Burtis et al., 2006).
A signiﬁcant increase in ALT activity was observed throughout
the experiment. A similar ﬁnding was reported by Garcia et al.
(2011) studying the R. norvegicus/Echinostoma paraensei model, as
well as by Cury et al. (2005) who studied dogs infected with Angi-
ostrongylus vasorum. Furthermore, Dement’ev et al. (1978) ob-
served an increase of AST and ALT in sheep infected by
Dicrocoelium dendriticum, a trematode parasite of the bile duct.
According to these studies, the increase in enzyme activity oc-
curred mainly in the acute phase of infection, a period character-
ized by the invasive stage of the helminth. In this context,Table 2
Liver weight (LW), and total proteins (PROT), albumin (ALB), globulin (GLOB), glycogen
experimentally infected with Angiostrongylus cantonensis. X ± SD = mean ± standard deviat
Period of infection (weeks)
Parameters Control 1 2 3
X ± SD X ± SD X ± SD X
PROT (g/dl) 5.59 ± 0.22 4.34 ± 0.1 5.88 ± 0.2
ALB (g/dl) 3.31 ± 0.25 3.48 ± 0.60 3.45 ± 0.2
GLOB (g/dl) 2.28 ± 0.09 2.11 ± 0.15 2.4 ± 0.21
GLI (mg/dl) 16.04 ± 0.50 44.85 ± 3.34⁄⁄⁄ 24.3 ± 0.5⁄⁄⁄ 2
GLU (mg/dl) 154.7 ± 6.46 124.4 ± 13.3⁄⁄⁄ 121.6 ± 8.5⁄⁄⁄ 12
LW(g) 6.42 ± 0.45 9.23 ± 1.03⁄⁄⁄ 9.26 ± 1.12⁄⁄⁄ 8changes in the plasma enzyme activities analyzed here possibly ar-
ose from microscopic liver lesions that developed during the
migration process and development of the larvae of A. cantonensis
in the infected groups. This fact can be better understood from in-
fected rodents’ pathological changes, characterized by the presence
of inﬂammatory inﬁltrate mainly with eosinophils and cell injury
contributes to the leakage of enzymes to the plasma, particularly
ALT, hepato-speciﬁc enzyme present in the cytoplasm of hepato-
cytes. In contrast, a signiﬁcant increase in AST activity was ob-
served only in the second week of infection, indicating that this
was the period of greatest cell injury caused by infection. This fact
explains why this enzyme is found mainly in the membranes of
mitochondria of hepatocytes and skeletal and cardiac muscle cells,
indicating the larval migration to other tissues (Garcia et al., 2011).
Signiﬁcant increases in the serum activities of GGT and ALKP
were observed from the infection onset by A. cantonensis. Similar
results have been reported in humans infected by A. costaricensis
(Quirós et al., 2011), and buffaloes infected with Fasciola gigantica
(Edith et al., 2010).
According to these authors, the changes result from cholestatic
processes that result in biliary retention, promoting the solubiliza-
tion of the ALKP and GGT adhered to the membranes of hepato-
cytes and resulting in their release into the blood plasma.
Additionally, in response to acute liver injury, immediate increase
in the activity of these enzymes can also result in the release of
membrane fragments of hepatocytes due to cytolysis. Therefore,
similar conditions may be occurring, since the histopathology
showed the presence of hyperplasia of the intrahepatic bile ducts,
inducing increased pressure inside the ductal lumen and thus
increasing production and release of these enzymes.
The bilirubin level was similar in both groups, suggesting that
liver injury did not promote a deregulation that could affect the
conjugation and transport of bilirubin into the bile canaliculi, pos-
sibly indicating a hepatitis without high bilirubin level (Trauner
et al., 1998).
A. cantonensis is a parasite which migrates from the intestines to
the central nervous system and subsequently into the pulmonary
arteries to complete its development. During migration, systemic
cell lesions are observed, which can result in the development of
secondary inﬂammatory reactions mainly in the small intestine
and liver. This condition induced a signiﬁcant increase in the con-
tents of total protein and globulin fractions in infected animals in
the eighth week, due to the process of delayed hypersensitivity.
The same was observed by Cury et al. (2005) in dogs experimen-
tally infected with A. vasorum.
However, there was no worm/larvae found in liver, the ductal
hyperplasia space port associated to cellular inﬁltration with
mature eosinophils and plasmocytes observed in infected rats,
can be explained due to migration of the larvae passing through
the liver (Yii, 1976), and/or by toxic excretory products of the
worms (Simpson and Gleason, 1975) and/or by circulating antigen
of the worms (Timoteo et al., 2005).(GLI) and glucose (GLU) concentrations in the serum of Rattus norvegicus (Wistar)
ion (⁄P < 0.05, ⁄⁄P < 0.001, ⁄⁄⁄P < 0.0001).
4 6 8
± SD X ± SD X ± SD X ± SD
5.6 ± 0.29 5.82 ± 0.29 5.53 ± 0.21 7.00 ± 0.61⁄
3.4 ± 0.26 3.43 ± 0.21 2.84 ± 0.34 3.41 ± 0.34
2.2 ± 0.15 2.38 ± 0.16 2.68 ± 0.23 3.59 ± 0.58⁄⁄⁄
2.6 ± 0.5⁄⁄ 23.0 ± 2.26⁄⁄ 31.92 ± 3.27⁄⁄⁄ 26.96 ± 2.88⁄⁄⁄
7.8 ± 8.36⁄⁄⁄ 128.70 ± 13.8⁄⁄ 132.75 ± 14.3⁄ 120.7 ± 10.9⁄⁄⁄
.56 ± 0.85⁄ 8.47 ± 0.89⁄ 9.47 ± 1.30⁄⁄⁄ 9.32 ± 0.89⁄⁄⁄
Fig. 3. Histological changes in liver of Rattus norvegicus infected with Angiostrongylus cantonensis along 8 weeks of infection. (A) Ductal hyperplasia with mononuclear
inﬁltrate (arrow). (B) Details of periductal cellular inﬁltration in the portal space showing the presence of eosinophils and mononuclear cells (head of arrow). (C) Periductal
hyperplasia in space portal. (D and E) Apparent congestion vein ( ) and artery (?) of the portal space without cellular inﬁltration. (F) Mononuclear inﬁltrate with mature
eosinophils (head of arrow). Hematoxylin and eosin staining (HE).
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and Anderson (1979) who observed an increase in brain glycogen
in rodents experimentally infected with Haemophilus inﬂuenzae, a
bacterium involved in the development of inﬂammatory reactions
of the meninges. According to the authors, the increase in brain
glycogen occurred due to leukocyte recruitment in response to a
local inﬂammatory process. In this same study, the results of elec-
tron microscopy revealed the presence of large glycogen granules
in the cytoplasm of these cells, which are essential to the process
of phagocytosis. Thus, the increase in liver glycogen concentration
shownmay have been inﬂuenced by inﬂammatory inﬁltrates in the
liver of rodents infected with A. cantonensis, also contributing to
the increase in organ weight during the eight-week study (Wagner,
1946).
Concurrent with the increase in hepatic glycogen levels, there
was a decrease in blood glucose levels. This result may be related
to the metabolism of glycogen. The hepatic glycogen metabolism
can be inﬂuenced by vascular septum and can depend on the sinu-
soidal septal and portal circulatory patters (Soares Filho et al.,
2012).Alleyne and Scullard (1969) and Gobatto (1993) reported low
levels of glucose in the blood of humans and rodents with nutri-
tional deﬁciencies, due to the reduced activity of glucose-6-phosfa-
tase, which acts in the ﬁnal step of glycogenolysis and
gluconeogenesis in the hepatocytes, releasing glucose. Shih and
Chen (1982) reported the activity of glycolytic enzymes in juvenile
specimens of A. cantonensis, indicating the presence of an oxidative
pathway to maintain the parasite’s energy balance. This aspect
highlights the importance of glucose monomers for the production
of energy required for the metabolic processes of helminths. Thus,
the hypoglycemia observed in the infected groups may also arise as
a consequence of direct assimilation of glucose freed by the
parasite.
The results obtained demonstrate that infection caused by A.
cantonensis in R. norvegicus promotes metabolic hepatic and histo-
pathological alterations, characterized by the increase in the activ-
ity of the enzymes ALT, AST, GGT and ALKP, which can indicate the
development of hepatitis with an intra-hepatic cholestatic process,
the presence of the inﬂammatory inﬁltrate and alteration in the
glycidic metabolism, characterized by an increase in hepatic
40 J.S. Garcia et al. / Experimental Parasitology 137 (2014) 35–40glycogen and reduction of serum glucose. These ﬁndings can con-
tribute to a better understanding of the relationship between A.
cantonensis and R. norvegicus.
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